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Abstract
The proper implementation of hand hygiene at key moments during patient care is the most important means of preventing
healthcare-associated infection. Although there are many programmes aimed at enhancing hand hygiene, the compliance of healthcare
workers (HCWs) remains incredibly low. One limiting factor is the lack of standardized measures and reports of hand hygiene opportunities.
Direct observational audits have reported the weaknesses in this field. We report here a radiofrequency identification-based real-time
automated continuous recording system (MediHandTrace) that permits the tracking of hand hygiene opportunities and the disinfection
compliance of HCWs that we evaluated against video recordings as being accurate (99.02%), sensitive (95.65%) and specific (100%). The system
can also provide information that is useful to understand HCW non-compliance and will allow the evaluation of future intervention studies.
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Introduction
Hand hygiene is a core element of patient safety for the
prevention of healthcare-associated infections. Alcohol-based
hand rubs have become a gold standard of care for practicing
hand hygiene in healthcare settings. The observed compliance
rates among healthcare workers (HCWs) have been regarded
by public health authorities as unacceptably poor. In a recently
published systematic review of 96 studies, the unadjusted
compliance rates were 30–40% in intensive care units and never
surpassed 60% in other settings. Interestingly, the compliance
rate was lower among physicians (32%) than among nurses
(48%) and before (21%) than after (47%) patient contact [1] . In
this context, measuring healthcare worker hand hygiene has
become a challenge. Several methods for monitoring hand
hygiene have been proposed; among them is the direct
observational survey of ‘my five moments’ that has become
the gold standard recommended by the WHO [2]. However,
direct observational surveys suffer from several limitations.
They are time-consuming and costly; they do not allow
continuous monitoring; and they only provide information
about a very low percentage of all hand hygiene opportunities.
Moreover, direct observation of HCWs may affect their
behaviour. Some authors have stated that, compared with
product usage and electronic counting devices, direct observa-
tion should not continue to be considered the gold standard [3].
Because product consumption requires fewer resources relative
to observational surveys, it is one of the most frequently used
methods to evaluate hand hygiene; however, the study results
vary depending on the correlation between product consump-
tion and the observed compliance rates, indicating that
electronic counting devices are more accurate [4]. New
technologies are currently being developed to monitor hand
hygiene [3]. Electronic monitoring systems, such as dedicated
ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases
REVIEW 10.1111/1469-0691.12471
hand hygiene monitoring systems [5], real-time locating systems
[6] and video monitoring of hand hygiene [7], appear promising.
More accurate than the first two methods, they allow real-time
and continuous follow up of hand hygiene opportunities [8,9].
However, most devices are unable to distinguish among the staff
members and visitors who enter or exit the room of the patient
and which of the ‘five moments’ to consider [8]. Although new
technologies allow for the collection of a complete set of data
for hand hygiene improvement, the current understanding of
the non-adherence to hand washing is poor. The lack of
compliance to hand hygiene is likely to be multifaceted and is
assumed to be attributable to various factors, such as HCW
behaviour, bedroom design, alcohol dispenser location, patient
co-morbidity, HCW workload, and day and week period, all of
which merit further study. In this paper, we performed a pilot
evaluation of the accuracy of a new patented radiofrequency
identification (RFID)/location-based device coupled with an
alcohol dispenser sensor (MediHandTrace) and compared its
results with a video recording of hand hygiene practice in an
infectious disease ward to assess the capacity of the device.
Materials and Methods
This study was conducted from November 2012 to April 2013
in two equipped rooms of a 17-bed infectious disease ward in
France.
Materials
The system is based on the ‘iCode RFID 15693’ tag technology
(ex NXP) using the frequency band of 13.56 MHz. Each room
was equipped with four floor-level antennas used to read tags
inserted in the shoes of each HCW (Figs 1 and 2). One
antenna was located just outside the room door under the
alcohol dispenser [10], the second antenna was located at the
door entrance, the third was within the room under another
alcohol dispenser, and the last antenna was located around the
bed and defined a secure zone (i.e. the zone for which alcohol
disinfection should have been performed before entering).
Sensors were placed on both alcohol dispensers, measuring
the use of hydro-alcoholic solution inside and outside the
room by indicating the number of sprays and the volume
dispensed. One reader coordinates the antennas to read the
HCWs’ shoe-inserted tags, and the dispenser sensors and
transfers the information to the main server via an Ethernet
connection. The intelligence of the system lies in the server,
which manages, interprets and provides results in real time.
The contact delay between the tag and the antenna can be
addressed by adjusting the sensitivity and specificity. During
stage 0 and stage 1, they were set up at 5 s, then reduced to
4 s and finally 3 s. It is important to note that only one antenna
is active at a given point in time, although the extremely short
reading time makes the antennas alternate almost simulta-
neously. During stages 0 and 1, only one antenna was installed
near the bed (at the side in front of the door), and during stage
FIG. 1. Room’s antennas and steps in healthcare worker paths as in stage 2 analysis. In stage 1, the antenna on the window side was not
placed.
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2, the antenna was extended by adding a second antenna that
coupled with the first to detect the presence of HCWs along
both sides of the bed (Fig. 1). For the study, the rooms were
equipped with a video camera connected via Ethernet to the
main server. The video camera was oriented to only record
the HCWs. Data collected from the antennas and tags, video
camera and alcohol dispenser sensors were sent to the main
server. To involve the HCWs in this project, real-time data
were displayed on a dedicated screen in the nurse office,
indicating the hand washing compliance rates by personnel
category (Fig. 3).
Ethics
Data were captured anonymously, as required by the National
Commission for Data Protection. A fact sheet was given to the
HCW participants, informing them about the project, the
functioning of the system and the presence of a video camera
in the room recording the HCW activities during the test
phase. The HCWs were also informed that the video camera
would be removed from the room once the suitability of the
device was validated. Each HCW signed a consent letter that
was filed as proof of participation. All HCWs (n = 19) agreed
to participate in the project.
Methods
The three events detected from the HCW path included the
following: the entrance into and exit from the patient room;
the use of the hydro-alcoholic solution (inside and outside the
room); and the contact with the patient within a risk zone
defined as the area around the patient’s bed. These events
define seven steps to be recorded by the system in the
following order: (i) hand disinfection before entering the room,
FIG. 2. Healthcare workers’ tagged shoes. The passive tag was inserted in the heel cap.
FIG. 3. Nurse’s office back screen. From left to right; medical staff, nurses, assistant nurses, housekeeping and all staff. Data were recorded
continuously. Large number indicates the evaluation of each group as a number of points during the 8-h shift and small numbers are accumulated
evaluation since the beginning of the experiment.
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(ii) entrance into the room, (iii) hand disinfection before either
entering the risk zone (around the bed) or coming into contact
with the patient, (iv) remaining within the risk zone or in
contact with the patient for a period of time, (v) hand
disinfection before leaving the room, (vi) leaving the room, and
(vii) hand disinfection after leaving the room (Fig. 1). A
complete path is one in which the seven steps were performed
by the HCW and identified by the system. According to risk
assessment for microbe transmission and to provide compre-
hensive feedback to the HCWs, paths were scored at 100, 75,
50 and 0 points to define a perfect protective path (no risk of
contamination to the patient, HCW or door handle is 100
points) to an unacceptable path (a risk of patient contamina-
tion is 0 points) (Fig. 4).
Study sequences
We carried out three consecutive stages (0, 1 and 2). During
stage 0, two experimenters executed 310 pre-identified paths
to verify whether the RFID system was recording the
information properly. During stage 0, the gold standard was
the pre-identified pathways, which were meticulously per-
formed by the experimenters. Stages 1 and 2 were performed
in ‘real life’ by recording HCW activities.
Statistical analysis
Our RFID system can be regarded as an ‘RFID test’, which can
be positive or negative depending on the detection of the path
steps. Evaluation of our ‘RFID test’ is based on general
principles of comparison with a reference gold standard while
calculating the sensitivity, specificity and accuracy [11].
Results
The main results of stage 0 showed that the system correctly
recorded 93.5% of the paths (n = 290); the remaining 6.5%
(n = 20) included discrepant results that were mostly
explained by the presence of a urine drainage bag on the
antenna near the patient’s bed or by misplacement of the bed,
leading to a misregistering of the HCW by the bed-surround-
ings antenna. Moreover, the antenna that detected the use of
the hydro-alcoholic solution was too close to the wall (10 cm),
and HCWs were not detected when they were >10 cm away
from the dispenser. These identified problems were resolved
before progressing to the next stage. Among the 152 videos
read during stage 1, 56.6% (86 paths) were able to be analysed
(Fig. 5) (see Supplementary material, Video S1). For step 3
(disinfection before making contact with the patient), the
accuracy, sensitivity and specificity were 99.34% (96.39–99.98),
97.06% (84.67–99.93) and 100% (96.92–100), respectively.
There was only one false negative, which, according to the
corresponding video, occurred because the HCW applied the
hydro-alcoholic solution extremely quickly and without touch-
ing the antenna on the floor. For step 4 (contact with the
patient), the accuracy, sensitivity and specificity were 63.82%
(55.64–71.44), 45.54% (35.60–55.76) and 100% (96.41–100),
respectively. There were 55 false negatives, attributed to the
following causes: detection problems of the antenna near the
bed (five cases); failure of the system to detect contact with
the patient because the HCW remained for less than 5 s (12
cases); contact with the patient was carried out on the left side
FIG. 4. The number of points is attributed depending on the path
followed and the risk assessment for microbe transmission.
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of the bed (i.e. where no antenna had been placed at this stage)
(22 cases); and finally, misplacement of the bed (i.e. the HCW
was out of the range of the antenna and in contact with the
patient) (16 cases). For Step 5 (disinfection after completing
contact with the patient), the accuracy, sensitivity and
specificity were 97.37% (93.40–99.28), 73.33% (44.90–92.21)
and 100% (97.34–100), respectively. There were only four false
negatives: two non-detections because the HCW applied the
hydro-alcoholic solution extremely quickly and two
non-detections due to the presence of obstacles near the
antenna that prevented the HCW from establishing contact
with the antenna. The analysis of the three steps yielded 456
events (152 videos and three events per video). This analysis
revealed that the accuracy, sensitivity and specificity were
86.84% (83.39–89.81), 60% (51.69–67.90) and 100% (98.80–
100), respectively, with 60 false negatives (out of 456 events).
The analyses of stage 1 highlighted that the bad records were
principally the result of either obstacles to the antennas or
misplacement of the bed. It is important to note that the
presence of more than one HCW (detected by the system) in
the room did not disturb the system. The main problems
emerging in stage 1 were principally the missing antenna on the
left side of the bed and the long contact interval (5 s) needed
to detect an HCW when he/she approached the bed (moving
into the area considered as being in contact with the patient).
These problems were fixed before progressing to stage 2: one
antenna (missing in the stage 1) was installed on the other side
of the bed; to avoid misplacement of the bed, the proper
position was marked on the floor; and finally, the contact delay
for the bed-surrounding antenna was first reduced to 4 s and
STAGE 1
GS + GS - GS + GS - GS + GS - GS + GS -
RFID + 33 0 33 RFID + 46 0 46 RFID + 11 0 11 RFID + 90 0 90
RFID - 1 118 119 RFID - 55 51 106 RFID - 4 137 141 RFID - 60 306 366
34 118 152 101 51 152 15 137 152 150 306 456
Accuracy: 99.34 % [96,39 ; 99,98] Accuracy: 63.82 % [55,64 ; 71,44] Accuracy: 97.37 % [93,40 ; 99,28] Accuracy: 86.84 % [83,39 ; 89,81]
Sensitivity: 97.06 % [84,67 ; 99,93] Sensitivity: 45.54 % [35,60 ; 55,76] Sensitivity: 73.33 % [44,90 ; 92,21] Sensitivity: 60 % [51,69 ; 67,90]
Specificity: 100 % [96,92 ; 100] Specificity: 100 % [96,41 ; 100] Specificity: 100 % [97,34 ; 100] Specificity: 100 % [98,80 ; 100]
1 Non detection 5 Non detection 2 Non detection 3 Non detection in step 3 or 5
12 Contact less than 5 seconds 2 Obstacle on the antenna 5 Non detection in step 4
22 Contact bed's left side 12 Conctact less than 5 seconds
16 Bed misplaced 22 Conctact bed's left side
16 Bed misplaced
 2 Obstacle on the antenna
1 TOTAL 55 TOTAL 4 TOTAL 60 TOTAL
STAGE 2 A
GS + GS - GS + GS - GS + GS - GS + GS -
RFID + 12 0 12 RFID + 40 0 40 RFID + 6 0 6 RFID + 58 0 58
RFID - 0 94 94 RFID - 6 60 66 RFID - 0 100 100 RFID - 6 254 260
12 94 106 46 60 106 6 100 106 64 254 318
Accuracy: 100 % [96,58 ; 100] Accuracy: 94.34 % [88,09 ; 97,89] Accuracy: 100 % [96,58 ; 100] Accuracy: 98.11 % [95,94 ; 99,30]
Sensitivity: 100 % [73,53 ; 100] Sensitivity: 86.96 % [73,74 ; 95,06] Sensitivity: 100 % [54,07 ; 100] Sensitivity: 90.63 % [80,70 ; 96,48]
Specificity: 100 % [96,15 ; 100] Specificity: 100 % [94,04 ; 100] Specificity: 100 % [96,38 ; 100] Specificity: 100 % [98,56 ; 100]
1 Non detection 1 Non detection
5 Contact less than 4 seconds 5 Contact less than 4 seconds
6 TOTAL 6 TOTAL
STAGE 2 B
GS + GS - GS + GS - GS + GS - GS + GS -
RFID + 13 0 13 RFID + 44 0 44 RFID + 9 0 9 RFID + 66 0 66
RFID - 0 89 89 RFID - 3 55 58 RFID - 0 93 93 RFID - 3 237 240
13 89 102 47 55 102 9 93 102 69 237 306
Accuracy: 100 % [96,45 ; 100] Accuracy: 97.06 % [91,64 ; 99,39] Accuracy: 100 % [96,45 ; 100] Accuracy: 99.02 % [97,16 ; 99,80]
Sensitivity: 100 % [75,29 ; 100] Sensitivity: 93.62 % [82,46 ; 98,66] Sensitivity: 100 % [66,37 ; 100] Sensitivity: 95.65 % [87,82 ; 99,09]
Specificity: 100 % [95,94 ; 100] Specificity: 100 % [93,51 ; 100] Specificity: 100 % [96,11 ; 100] Specificity: 100 % [98,46 ; 100]
1 Non detection 1 Non detection
2 Contact less than 3 seconds 2 Contact less than 3 seconds
3 TOTAL 3 TOTAL
FN FN FN FN
STEP 3 STEP 4 STEP 5 STEPS 3, 4 AND 5
FN FN FN FN
FN FN FN FN
STEP 3 STEP 4 STEP 5 STEPS 3, 4 AND 5
STEP 3 STEP 4 STEP 5 STEPS 3, 4 AND 5
FIG. 5. Accuracy, sensitivity and specificity of the RFID test compared to video recording, established as the gold standard (GS), of HCW path in
equipped rooms.
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then to 3 s. During the first part, Part A, of Stage 2, we
analysed 106 new videos (Fig. 5). For Steps 3 and 5, the
accuracy, sensitivity and specificity were all 100% (see Fig. 5
for the confidence intervals) and 94.34% (88.09–97.89),
86.96% (73.74–95.06) and 100% (94.04–100), respectively,
for step 4. During this step, there were six false negatives,
mainly due to a detection error by the antenna near the bed
(one case without explanation) and the contact delay of <4 s
(five cases). Overall, the analysis of steps 3, 4 and 5 together
yielded an accuracy of 98.11% (95.94–99.30), a sensitivity of
90.63% (80.70–96.48) and a specificity of 100% (98.56–100).
Finally, before proceeding to Part B of stage 2, we reduced
the detection time of the antennae near the bed to 3 s. This
change only impacted step 4. We analysed 102 new videos
(paths). During this stage, no errors were made by the RFID
system for steps 3 and 5; the accuracy, sensitivity and
specificity were maintained at 100% (see Fig. 5 for the
confidence intervals). For Step 4, the accuracy was 97.06%
(91.64–99.39), the sensitivity was 93.62% (82.46–98.66) and
the specificity was 100% (93.51–100). During this step, there
were only three false negatives (one due to a detection
failure by the antenna near the bed and two due to contact
intervals that lasted <3 s). The overall analysis of steps 3, 4
and 5 together yielded an accuracy of 99.02% (97.16–99.80), a
sensitivity of 95.65% (87.82–99.09), and a specificity of 100%
(98.46–100) (Fig. 5).
Discussion
To our knowledge, this is the first study to apply video
recording as a gold standard. This choice offers the
advantage of avoiding observer bias, as the HCWs rapidly
forgot that they were being recorded. In cases of discrep-
ancies in the interpretation, video recordings also allow the
observers to review sequences to reach consensus. How-
ever, video recordings require human interpretation, which
is costly. In our study, we concentrated on steps 3, 4 and 5.
These steps are the most important because they represent
moments 1–4 of the five moments [2]. Step 4 was the most
critical in terms of adjustments. The risk zone was defined as
the area surrounding the bed and was considered the zone
in which the HCW was in a position to touch the patient or
the patient’s nearby environment. This zone is surrounded
by large antennas, which explains the technical difficulties.
Hand hygiene compliance is a complex phenomenon that is
probably multifactorial, implicating not only HCW behaviour
but also HCW workload and the location of dispensers.
Many technologies, such as electronic alerts [9] and voice
prompts [8], have been reported to be efficient at improving
compliance, at least during the course of the study, but a
real-time continuous automatic hand hygiene compliance
recorder is a very important step toward understanding
non-compliance and evaluating innovative techniques or
behavioural changes to enhance hand hygiene. Because of
its ability to continuously record many variables, MediHand-
Trace is capable of studying compliance over time (day/
week/night); it can calculate sanitizer consumption (by room
or by HCW), the HCW compliance by patient (type/
disease), the HCW compliance and workflow (number of
HCWs in the room, mean duration of stay in the room) and
many other variables, revealing factors that may influence
compliance. In a recent review, Erasmus et al. claimed that
‘there is a great need for a standardized measuring
instrument and standardized reporting’ [1]. MediHandTrace
is a tool that is able to replace direct observational
monitoring.
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Video S1. Video record of a scene during which a 100pts
and a 0pts path was recorded by MediHandtrace and
attributed to the HCW.
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